Five mung bean cultivars varying in seed coat color were analyzed for polyphenol content. The effect of soaking and germination on the polyphenol content and polyphenol oxidase activity was investigated. The level of total polyphenols was found to be in the range of 310-340 mg/100 g in whole seeds. Soaking reduced the total polyphenols, whereas germination for 48 h increased total polyphenol content by 41-76%. The hydrolysable tannins, condensed tannins, and hydrolysable tannins/condensed tannins index increased with an increase in period of germination. The total and percent condensed tannins content slightly decreased while hydrolysable tannins increased during germination. Maximum polyphenol oxidase activity of 102-108 units was observed in 24 h germinated seeds. There was no significant correlation found between the polyphenolic content and polyphenol oxidase activity in germinating mung bean seeds. These findings demonstrated that the mung beans are fair sources of polyphenols, thus having great potential as a source of natural antioxidants.
INTRODUCTION
Legumes are good source of starch, dietary fiber, protein, and minerals and also serve as a rich source of bioactive constituents. [1] Recently, legumes are gaining interest because they are excellent sources of bioactive compounds, such as polyphenols. Most legumes are known to contain appreciable levels of polyphenolic substances broadly referred to as tannins, which may be divided into two main groups: hydrolysable (HTs) and condensed (CTs) tannins. [2] HTs can be easily extracted with methanol or acetone, whereas CTs with acidified methanol. [3] Many studies have demonstrated detrimental effects of polyphenols in humans and in animals including their ability to form complexes with digestible protein in general and digestive enzymes in particular, [4] growth retardation by decreasing protein and carbohydrate digestibility, [5] and reducing ionizable iron absorption by acting as a natural iron chelating agent. [6] Traditional processing methods can improve nutritional
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quality by increasing food palatability and digestibility or increasing nutritional availability by destroying antinutritional factors or minimizing their effects. These involve mechanical, physical, chemical, and biological modes of operation. [7] Polyphenols constitute a diverse group of secondary metabolites that have been traditionally thought of as antinutritional compounds. However, in recent years, an increasing number of beneficial effects have been recognized for polyphenols from very different plant sources. For instance, the antioxidant, antiproliferative, and apoptosis-inducing properties of polyphenols have been related to the prevention of diseases, such as cancer [8] and cardiovascular [9] or degenerative diseases. [10] Polyphenol oxidase (PPO) (EC 1.10.3.1) is a widely distributed enzyme in the plant kingdom, including different leguminous plants and are thought to be involved in oxidation of phenolic compounds. [11] Mung bean (Phaseolus aureus L.) is the most important legume due to its high carbohydrate, protein, and mineral content. Its protein quality is similar to or better than other legumes, such as chickpea, black gram, peas, pigeon pea, etc. [12, 13] India is the major pulse producing country and among various pulses, mung bean stands as third, [14] and is the principal crop from which edible bean sprouts, noodles, and weaning foods are prepared. The polyphenol content of mung bean cultivars differ in seed coat color, as reported earlier. [15] The systematic investigation on polyphenolic content of mung bean sprouts is lacking. The present work was aimed at studying the effect of soaking and germination on total polyphenol content in terms of HTs and CTs and to correlate with PPO activity.
MATERIALS AND METHODS
The green mung bean cultivars, Vaibhav and Hum-1, were procured from the Agriculture Research Station, Aland Road, Gulbarga, India. The three yellow cultivars, ALM-1, ALM-2, and ALM-3, were procured from farmers of the Hyderabad-Karnataka region in India. The samples were cleaned and stored in the laboratory at 4
• C. All chemicals used were of analytical grade.
Extraction and Determination of Polyphenols
Clean, whole dry seeds were finely powdered to pass through a 0.6-mm mesh screen and defatted with petroleum ether. One gram of defatted meal was extracted twice with 10 ml of methanol each time at 25 ± 2
• C for 20 min. The residue was re-extracted twice with 10 ml of methanol containing 1% HCl. [3] Methanol and acidic methanol extracts were analyzed for polyphenol content according to the method of Burns. [16] The concentration of polyphenols was expressed in milligram of gallic acid equivalents (GAE) per 100 g of sample.
Processing of Mung Bean
Soaking. The seeds were first surface sterilized for 3 to 4 min with 0.1% mercuric chloride. The sterilized seeds were washed under running tap water and rinsed with distilled water to remove traces of mercuric chloride. The surface sterilized seeds were soaked in distilled water (1:10, w/v) for 12 h at 25 ± 2
• C. The soaked seeds were dried in a hot air oven at 60
• C to a constant weight and finely powdered. The fine powder of processed mung bean was analyzed for polyphenols as mentioned earlier.
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Germination. The soaked seeds were placed on a moist filter paper bed in petri plates and incubated at 37 ± 0.5
• C in the dark. The filter paper was moistened with distilled water at regular intervals. The sprouts were sampled at 12, 24, and 48 h and dried in a hot air oven at 60
• C to a constant weight and finely powdered. The fine powder of processed mung bean was analyzed for polyphenols.
Assay of polyphenol oxidase. Five gram seed samples were homogenized in pre-chilled pestle and mortar using 10 ml of ice-cold distilled water. The homogenate was filtered through muslin cloth and filtrate was centrifuged for 20 min at 20,000 g at 4
• C. The supernatant was used to determine the enzyme activity. The freshly prepared pyrogallol (4 mg/ml) in 0.1 M citrate phosphate buffer of pH 6.8 was oxygenated for 5 min by bubbling oxygen through it and was used as substrate. The enzyme activity was determined by the method of Kruger.
[17] The assay mixture consisted of 100 µL of the enzyme extract and 2.9 ml of pyrogallol. The change in absorbance at 410 nm was recorded. One unit of enzyme activity was defined as the amount of the enzyme that causes an increase in absorbance of 0.001/min at 25
• C.
Statistical Analysis
The values were expressed in mean ± standard deviation (SD). Statistical analyses were performed by analysis of variance (ANOVA) using the SPSS data analysis tool, Version 14.
RESULTS AND DISCUSSION

Polyphenol Content of Mung Bean
All analyzed mung bean cultivars contained significant levels of polyphenols ( Table 1 ). The level of total polyphenols was found to be in the range of 310-340 mg/100 g in whole seeds, with an average 325 mg/100 g, while the content of HTs and CTs ranged from 56-68 and 156-188 mg/100 g, respectively. The HTs/CTs index was in between 0.34 and 0.66 and found to be high in yellow cultivars (ALM-1 and ALM-2). The tested mung bean cultivars are rich sources of polyphenols. The polyphenol content of yellow mung bean cultivars was more than the green cultivars thus yellow cultivars have great potential as a source of natural antioxidants.
Effect of Soaking
Soaking of mung bean seeds in plane water for 12 h reduced the polyphenols significantly (r = 0.683, p ≤ 0.04). The loss of total polyphenols ranged from 18 to 35% (Table 1) . The concentration of HTs and CTs decreased in all the cultivars. The HTs/CTs index was less than 0.4 and ranged between 0.34 and 0.38, and more reduction was observed in two yellow cultivars, ALM-1 and ALM-2. Upon soaking in plain water, the polyphenol content was reduced considerably. Reduction in polyphenol content upon soaking was reported for several legumes. A 50% reduction in polyphenols in chickpea, [18] in mung bean reproduction of polyphenols about 25-50%, [19] and 23% in mung bean [20] after soaking was reported and the reduction was thought to be leaching out of water soluble polyphenols in soaked water. The yellow cultivars contained more HTs than green cultivars and the HTs/CTs index decreased drastically upon soaking. Being more water soluble, HTs are leached out into soaking water. 
TAJODDIN, MANOHAR, AND LALITHA
Effect of Germination
Germination is a process widely used for legumes to increase their palatability and nutritional value. Soaked mung bean seeds were germinated and analyzed for polyphenols. Gradual increase in the polyphenol content of all the mung bean cultivars was observed upon germination ( Table 2 ). The HTs, CTs, and HTs/CTs index were increased with an increase in period of germination. The total CTs and percent CTs contents slightly decreased while that of HTs increased during germination of ALM-1 (Figs. 1a and 1b) and Vaibhav (figures are not shown). The maximum increase of 41-76% in total polyphenol content was observed after 48 h of germination. Several authors have reported the reduction in polyphenol content of legumes seeds upon germination. Reduction of polyphenol content by 32% in mung bean seeds [20] and 37% in Jack bean seeds [21] upon germination for 24 h was reported. Rahma et al. [22] observed a reduction of about 23% in polyphenol content of faba beans after one day of germination. A decrease in the total phenolic content of mung bean by 16.72% upon 12 h of germination and by 41.73% upon 24 h of germination was observed by Hardeep et al., [23] while in black gram a decrease in the total phenolic content by 35.79% up to the first 12 h of germination and thereafter an increase of 12.84% upon further 12 h germination has been reported by the same authors. [23] Our results are not in accordance with what authors reported earlier. In contrast, in the present investigation a gradual increase in the polyphenol content has been noticed in mung bean during germination. Our results are in accordance with the observations made by Shastry and John, [24] who have reported a progressive increase in polyphenol content in germinating Dolichos lablab beyond 48 h of germination. Charlene et al. [19] had also reported an increase in polyphenol content of mung bean sprouts upon continued germination up to 120 h. In the present investigation, a progressive and significant increase (r = 0.969, p ≤ 0.01) in polyphenol content was observed during germination up to 48 h (Fig. 1c) . A significant increase in polyphenol content of germinated seeds may be due to a fresh synthesis of polyphenols or the polymerization of existing phenolic compounds or degradation of high molecular weight insoluble polymers into smaller molecular weight soluble polymers that give color reaction to the reagent. [25] The content of HTs, CTs, and also HTs/CTs ratio increased during germination, which suggests fresh synthesis of both HTs as well as CTs during germination of mung beans.
PPO Activity
The PPO activity in germinated seeds of mung beans was analyzed after 12, 24, and 48 h. The PPO activity was not observed in dry mung beans (Table 3) . A marked increase in PPO activity was observed upon soaking followed by germination. The PPO activity of 60 units was observed in soaked seeds, and maximum activity of 102-108 units was observed in 24-h germinated seeds. Germination beyond 24 h, to 48 h has decreased PPO activity (Fig. 1d) . PPO is ubiquitous in legume seeds and is responsible for the oxidation of phenolic compounds. PPO activity during germination was reported for several legumes, such as for broad bean leaves, [26] mung bean leaf, [27] and field bean. [28] In tested mung beans, the PPO activity increased with germination up to 24 h and total polyphenolic content, HTs and CTs and HT/CT index was also found to be increased. There was no correlation between the polyphenolic content and PPO activity in germinated mung bean seeds.
Table 2
Effect of germination on the polyphenol content of mung bean cultivars. Values are mean ± standard deviation of three independent determinations. ND: Not detected.
CONCLUSION
The total polyphenol content in the yellow and green cultivars of mung bean varied significantly. The yellow mung bean cultivars contained higher amounts of polyphenols than that of green cultivars. Soaking caused significant reduction in HTs, CTs, and also HTs/CTs index, while soaking followed by germination gradually increased the same. An increase in polyphenol contents of the seeds during the progressive germination would certainly be of nutritional importance. The polyphenol oxidase activity was not found in dry seeds, but was maximum at 24 h germination. There was no significant correlation found between the polyphenolic content and PPO activity in mung bean sprouts. Germinated mung beans are rich sources of polyphenols, thus they have great potential as a source of natural antioxidants for human nutrition.
